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My invention relates to shock absorbers and 
has particular reference to shock absorbers emi 
ploying elastic or other fluid and adapted to be 
used with automotive vehicles, trailers, etc. 
The object of ordinary shock absorbers is to 

reduce the recoil and Oscillations of a body sus 
pended on resilient springs and having, therefore, 
a natural period of OScillations. This is accorn 
plished by absorbing the energy of compression 
of the spring by internal friction of a liquid which 
is forced to pass through restricted openings from 
One chamber of the shock absorber into the other, 
or, to a certain extent, by adiabatic compression 
of an elastic fluid. Such shock absorbers work 
on the principle of dash pots, offering but little 
resistance when the relative velocity of movement 
between the body and wheel is low, but progres 
sively increasing the resistance at higher veloci 
ties. An ideal shock absorber will dampen the 
movement of the body during the first half of an 
Oscillation thereby completely suppressing the 
periodicity of the body and spring oscillations. 
In practice, however, such a rapid energy ab 
Sorption will render the suspension very stiff 
with the resulting very rough movements of the 
body when traveling over rough roads. Some 
relief may be obtained by providing means to 
regulate the rate of flow of the dampening liquid 
as, for instance, by having several by-passes of 
different sizes which become successively oper 
ative at different relative positions of the axles 
and the body of the vehicle, or by controlling the 
pressure of the dampening liquid and even re 
placing it by a compressible fluid. Attempts have 
been also made to control the resistance to the 
flow of the liquid by inertia force of pilot weights 
attached to the body. 
None of these arrangements of shock absorb 

ers have been found fully satisfactory. Themain 
difficulty in bringing periodic oscillations of a 
body under control and dampening them resides 
in the fact that the suspension springs are not 
supported on a fixed foundation but move up 
and down as the wheels roll over uneven places 
or the ground. In order to obtain aperiodic os 
cillations under such conditions, the resistance to 
the flow of liquid in an ordinary shock absorber 
must be increased to such an extent that the 
body would be compelled to follow closely the 
movements of the wheels in a series of irregular 
jolts in riding over rough spots. For this reason 
it has been found impractical to try to obtain 
aperiodic dampening of oscillations and the shock 
absorbers are usually regulated so as to dampen 
oscillations more or less gradually. The result is 

(C1, 267-8) 
that the riding comfort is reduced because neither 
the first jolt transmitted to the body every time 
the wheels strike an impediment on the road is 
decreased nor ensuing oscillations are dampened 
aperiodically. 

It may be noted that ordinary leaf Springs pro 
duce a certain dampening effect as a result of 
friction between the leaves, but this effect is un 
satisfactory because of the abrupt reversal of 
direction of such friction. Helical Springs are 
more satisfactory in this respect. 
Ordinary shock absorbers do not solve the prob 

lem of proper stabilization of a moving vehicle, . 
also for the reason that they apply dampening 
effect equally and simultaneously to the body 
and to the axles, although the requirements of 
these elements are quite different, not only with 
respect to the magnitude and direction of damp 
ening forces, but also to the time of their appli 
cation. 

It is evident that the greatest degree of sta 
bilization is wanted for the body, and with an 
ideal stabilization or with an ideal shock absorber 
the body will remain practically at the same level 
in relation to the surface of the road in general; 
while the wheels with the axle must be quite 
free to move up and down, following minor irreg 
ularities of the road, so that even at higher Speeds 
of the vehicle the body will float smoothly in an 
approximately parallel alignment with the road 
while the wheels will move up and down over the 
irregularities of the road surface. 
approach such an ideal condition, a dampening 
force must be applied to the body in phase with 
and proportional to its absolute vertical veloc 
ity. It is also desirable to apply a second force 
which will be proportional to the vertical accel 
eration of the body in space. This Second force, 
if applied in one direction, will have the effect 
of diminishing the natural force of inertia of 
the body so that it will be possible to use a smaller 
dampening force for obtaining a periodic stabili 
2ation. 

If this second force is applied in the Opposite 
direction it will have the effect of increasing the 
natural inertia reaction of the body, thus con 
siderably lengthening the natural period of oscil 
lation of the body and decreasing its acceleration. 
The choice of the direction of application of this 
corrective force is largely optional. As a general 
rule, with light cars it may be desirable to increase 
the inertia while large and heavy cars, busses etc. 
may require its decrease. . 

In practice the two forces can be combined 
together so as to obtain one effective force pro 
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2 
portional to their algebraic sum applying this 
force to the body and using the wheel axle as a 
reactive Support, for this force. . 
The problem resolves therefore to the creation 

of a force applied between the wheel axle and 
the body and proportional at any given moment 
to the vertical velocity, plus or minus vertical ac 
celeration of the body. Mathematically the ap 
plied stabilizirig force may be expressed by the 
following equation: . 

dP- d2P 
F-Kit Kaif, 

where F is the stabilizing force, P-vertical dis 
placement of the body, T-time, and K1, Ki are 
arbitrary Constants of adjustment. 

20 

25 

30 

40 

It should be noted that while in ordinary shock 
absorbers the stabilizing force is substantially 
proportional to the velocity of relative displace 
ment between the bory and the axle, in my 
stabilizing device a force is applied to the body, 
which is proportional to the absolute velocity and 
absolute acceleration of the body in space. It 
is evident that this is a fundamental distinction 
which permits not only of a perfectly aperiodic 
dampening of the movements of the body but it 
even tends to completely eliminate the original 
response of the body to road shocks. 

It should be pointed out that an ordinary shock 
absorber, even when adjusted for very light damp 
ening effect, must necessarily increase the verti 
cal acceleration of the body when the wheels 
strike an obstruction and compress the springs. 
This is because the direction of stabilizing force 
and change in Spring tension are coincident until 
the body starts overtravel or moves away from 
the Wheel as a further result of the original im 
pact. 
With my stabilizing device the suspension 

Springs can be made longer or shorter without 
materially affecting the riding comfort, the only 
requirement being that the springs should have 
sufficient travel to clear ordinary rough spots on 

45 

50 

55 

60 

65 

the road. In fact, with certain adjustments my 
device can completely eliminate the springs. 

In a typical practical embodiment of my in 
vention I employ a combination of a piston and 
cylinder interposed between the body and the 
SpringS or ends of the front and rear axles, the 
cylinder having an upper and lower compartment 
at the corresponding sides of the piston. It should 
be noted that these compartments for conven 
ience will be called “upper' and “lower' corre 
sponding to their positions in a vertical cylinder, 
although the cylinder with suitable operative con 
nections, may be placed in an angular and even 
horizontal position or any other suitable fluid 
operative motor may be used instead of the piston 
and cylinder. I also provide means to vary the 
difference in the fluid pressure in the upper and 
lower compartments a proportion to the vertical 
velocity and-acceleration of the body. For this 
purpose I provide a source of compressed fluid, 
preferably air, and control its admittance to the 
cylinder by a suitable valve actuated by a mech 
anism responsive to the vertical velocity and ac 
celeration of the body. In order to obtain pro 

75 

portional regulation of the valve and to restore 
it into its neutral position, a valve operating 
mechanism is provided responsive to the differ 
ence in pressure between the two sides of the 
piston or between the two portions of the cylin 
der. It should be noted that in my mechanism 
this difference in pressure does not primarily 
depend on the relative velocity of displacement 

2,212,426 

vertical forces. 
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of the body and the axle or, in other words, it 
does not depend on the travel of the piston in 
relation to the cylinder; there is, however, pro 
vided a relatively small adjustment responsive to 
the relative displacement of the body and axle in 
order to correct inaccuracies of the main control 
ling mechanism which may appear in time. 
I also provide means to prevent the body from 

tilting over or rocking when the vehicle is round 
ing a curve at a more or less high Speed. For 
this purpose I provide hinged weights which 
exert pressure on the valve operating mechanism 
not only under action of vertical forces of inertia 
but also under horizontally acting centrifugal 
force, the hinges being positioned so as to cause 
the valve on the outer side of the body to build 
up pressure above the piston for resisting down 
ward movement of the body while the valve on 
the other side of the body will admit the com 
pressed air to the opposite side of the correspond 
ing piston for keeping the body down. 
In a modified form my shock absorber can be 

used for stabilizing an aircraft in flight. It should 
be noted that an airplane in fight can be con 
sidered suspended in an elastic or even resilient 
medium, similarly in certain respects to the Spring 
suspension of an automobile. For this purpose I 

0. 

S 

provide my device with inertia elements respon 
sive to angular indications but not responsive to 

Any angular displacement of a 
vehicle, therefore, will cause the valve to move, 
thereby admitting compressed air into the cylin 
der and causing the piston to move. This move 
ment will be transmitted to the ailerons on the 
wings in a proper direction so as to restore the 
horizontal position of the airplane. The pres 
sure of air stream on the ailerons will be bal 
anced by the pressure on the piston, the valve 
being restored into the neutral position by the 
differential pressure on the side of the piston. 

It is obvious that my invention may be en 
bodied in more or less different forms as it will 
be apparent in the accompanying specification 
in which certain typical embodiments are de 
scribed and illustrated, in the drawings as fol 
OWS: 
Fig. 1 is a sectional elevational view of my 

shock absorber and stabilizer taken at the line 
- of Fig. 2. 
Fig. 2 is a sectional view of the same taken. On 

the line 2-2 of Fig. 1. 
Fig. 3 is a sectional elevational view of a modi 

fied shock absorber. 
Fig. 4 is a top plan view of the shock absorber 

shown in Fig. 3. 
Fig. 5 is a diagrammatic view of my shock ab-, 

sorber with a source of compressed fluid for its 
operation. 

Fig. 6 is a fractional sectional elevational view 
of a modified shock absorber. 

Fig. 7 is a sectional elevational view of another 
modification. 

Fig. 8 is a detail view of a modified inertia re 
sponsive part of my shock absorber. 

Fig. 9 is a top plan view of the same. 
Fig. 10 is a detail view of another modification 

of the inertia responsive part. 
Fig. 11 is a top plan view of the same. 
Fig. 12 is an elevational view of a modified 

stabilizer as applied to the operation of airplane 
ailerons. 

Fig. 13 is a diagrammatic view of an electro 
magnetic shock absorber. 

Fig. 14 is a fractional detail view of an air valve 
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2,212,426 
Fig. 15 is an end view of a detail shown also in 

Figs. 10 and 11. 
One embodiment of my invention is shown in 

Figs. 1, 2 and 14 and consists of a hollow cylin 
drical casing with a closed outer end 2 and an 
open inner end with a flange 3 to which a flat 
cover 4 is attached by bolts 5. 
These bolts are also used for attaching the 

casing f to a frame 6 of a vehicle such as an 
automobile, etc. An impeller having a hub 7 and 
vanes 8 is rotatively fitted in the casing for 
which purpose it has trunnions 9 and 0 jour 
naled in the cover 4 and end portion 2 respec 
tively. The trunnion 0 has a splined extension 

fitted in a splined hole in an arm 2 tightened 
on the extension by a nut 3. The end of the 
arm 2 has a ball 4 rotatively clamped in the 
end of a tubular link 5 (Fig. 3). The other 
end of the link 5 engages a ball 6 on the end 
of a rod 7 extending from an axle 9 of the 
vehicle, preferably suspended from the frame 6 
on suitable springs 8 shown diagrammatically in 
Fig. 5. The arm 2 therefore moves with the 
axle 9 when the springs f8 are flexed one way 
or the other when the vehicle moves over a more 
or leSS rough road, the relative movement between 
the axle and the frame resulting in the rotation 
of the impeller in the casing. The blades 8 
have an air tight fit in the casing f and may be 
provided With a Suitable packing (not shown). 
The casing has inwardly extending stationary 
vanes 20 interposed between the impeller vanes 8. 
The stationary vanes also form an air-tight slid 
ing fit in the casing thereby forming air-tight 
chambers 2 and 22. The impeller, with the cas 
ing therefore forms a compressor for a fluid such 
as air which may be placed in the chambers 2 
and 22. The device can also operate as a motor 
when a fluid is delivered under pressure into the 
chambers 2, for instance, while exhausting the 
fluid from the opposite chamber 22. Chambers 
2; have ports 23 in communication with each 
other through ducts or holes 24 and 25 bored in 
the end wall of the casing , and in an enlarged 
portion 26 of the casing . Similarly the cham 
bers 22 have ports 2 in communication with each 
other through ducts or holes 28 and 29. The 
holes 25 and 29 are in communication with a 
cylindrical valve chamber 30 through ducts 3 
and 32. 
The valve chamber 30 is closed at the bottom 

and at the top by covers 33 and 34. The latter 

5 5 

COver has a hole for a rod 35 having valve discs 
36 and 3. These discs form an inner valve 
sliding in an outer tubular valve 38 which in turn 
slides in the valve chamber 30. The lower end 
of the tubular valve 38 has a bottom plate 39 to 
which a plunger 40 of a dash pot 4 is attached 
the latter being fastened by a bolt or screw 42 

(50 
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to the cover 33. The dash pot attachment tends 
to retard the movement of the tubular valve 38, 
the dash pot being filled with oil. Springs 70 and 
69 press against the bottom plates 39 and 45 yield 
ably retaining the valve in the central position. 
The valve chamber 30 has annular grooves or re 
cesses 46, 47, 47", 48 and 48 in communication 
with the inside, space of the sleeve valve 38 
through ports 49, 50, 50, 5 and 5'. The groove 
46 opens into a pipe 52 extending from a tank 53 
(Fig. 5) with a safety valve 54 for a compressed 
air or similar fluid. The tank 53 is connected 
by a pipe 55 with an exhaust port 55 of an air 
compressor 56, with a piston connected to a 
shaft 57 through an eccentric 58. The shaft 5. 
may be operated by an engine or auxiliary motor 

3. 
(not shown). A check valve 59 is placed in the 
pipe 55 and prevents the reverse air flow from 
the tank. 
In Order to relieve the compressor when there 

is sufficient pressure in the tank 53, an unloading. 
valve 60 is provided in a pipe 6 to the intake port 
62 of the compressor 56. A plunger 63 keeps the 
valve 60 open under pressure of a spring 64. 
When the pressure in the tank rises, however, to 
a certain point, the plunger 63 is moved upward 
against the tension of the Spring, closing the 
intake for the compressor and thereby unloading 
the latter. - 

The groove 47 is connected by a duct 65 with 
the duct 25, the groove 47' being connected with 
the duct 29 by a duct 66. The ducts 48 and 48 
are opened to the outside air through nipples 6 
and 68 which may be threaded as shown for con 
nection with an air filter or similar device (not 
shown), or else with a vacuum tank, if vacuu 
Operation is preferred. - - 

The valve discs 36 and 37 normally keep the 
ports 50' and 50 closed, the sleeve valve 38 being 
kept in the neutral or middle position by springs 
69 and 70. The sleeve valve remains in the neu 
tral position as long as the air pressure on both 
ends remains the same. A slight difference in the 
exposed end surface can be taken care, of by ad 
justing the lower spring 70 for less compression 
than the upper spring 69. One of the objects 
of this arrangement is to relieve any pressure 
which may be built up in the compartments 28 
or 22 when the arm 2 is moved up or down in 
relation to the casing . Thus, for instance, if 
the arm 2 is moved upward, air in the com 
partments 22 will be compressed with the crea 
tion of corresponding vacuum in the compart 
ments 2. As a result, there will be differential 
preSSure on the ends of the sleeve valve 38, caus 
ing the latter to move upward against the pres 
sure of the spring 69. The port 50 will be then 
uncovered into the inner chamber of the sleeve 
valve in communication with the port 59, thereby 
admitting compressed air into the compartments 
2 and compensation vacuum created therein. 
The port 50' will be at the same time moved 
away from the disc 36 and uncovered being 
brought into communication with the port 5' 
and allowing therefore the air from the chambers 
22 to escape into the atmosphere. The pressure 
in the chambers 2 and 22 will be thus equalized 
and the sleeve Valve brought back into the neu 
tral position. Similar equalization will take place 
When the arm 2 is moved downward so that there 
Will be no resistance for the movement of the 
airn 2 as long as the valve discS 36 and 3 remain 
Stationary. 
The object of the disc valve assembly 35 and 

3 is to control admission of the compressed 
air into the compartments 24 and 22 So as to 
stabilize the movements of the body of the ve 
hicle. For this purpose the valve stem 35 is 
connected with inertia responsive mechanism. 
The latter comprises a relatively heavy block or 
weight if attached as by screws 2 to a flexible 
diaphragm 73 attached at its edges to the rim 
of a well 74 fitted on top of the casing f and 
attached with screws 75. The well is filled with 
a suitable relatively incompressible liquid 4' 
such as colloidal mixture of oil and sulphur, 
mixture of glycerine and alcohol, etc. It has a 
cylinder 76 fitted in its bottom portion with a 
plunger having flexible bellows 8 attached 
to the lower end of the cylinder and forming an 
annular chamber, the liquid in communication. 
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4. 
with the well 74 through vents 8'. A rod 8' 
extends from the plunger and has a pivot 79 
connection with a lever 80. The top of the cylin 
der is closed with a cover having apertures 8 
for admitting the liquid in and out of the cylin 
der, thereby causing the plunger to move up 
and down. 
A second cylinder is provided in the well having 

flexible or collapsible walls 82 and a top plate 83, 
the latter Serving as a plunger, a rod 84 extends 
from the plate 83. A compression spring 85 
keeps the plunger plate 83 in the raised position. 
The tension can be adjusted by a cap 86 threaded 
On the end of the cylinder. The cap is retained 
in its adjusted position by locking a set screw 
87 fitted in the wall of the well. The other end 
of the rod 84 is pivoted at 88 to one end of the 
lever 80. One or the other of the pivots 79 and 
88 form, therefore, a fulcrum for the lever 80 
depending on which plunger is moved. The other 
end of the lever 80 is connected to the end of the 
valve rod 35 as by a pin 8 engaging elongated 
slots in the formed end of the lever 80. 
The operation of my shock absorber is as 

follows: 
As long as the vehicle equipped with my shock 

absorbers travels on a smooth surface, the weight 
of the body will be balanced by the resistance 
of the Springs over the wheels. Oil 4' or other 
suitable liquid in the well 78 will be under normal 
preSSure from the weight f, the valve discs 36 
and 37 and the sleeve 38 being then in the neu 
tral position with both ports 50 and 50’ closed. 
The air pressure will be equal at both sides of 
the piston vanes 8 or in chambers 2 and 22. If 
the vehicle, or one of its wheels, will encounter a 
raised spot, stone, etc., on the road, the wheel 
Will rise in passing over the obstacle, compressing 
the Spring before the inertia of the body is over 
cone. The arm 2 will be turned by the rising 
axle causing movement of the piston vanes 8. 
As a result, air in the chambers 22 will be com 
pressed and correspondingly expanded in the 
chambers 2. As soon as an appreciable differ 
ence in pressure is built up, however, the sleeve 
valve 38 will be moved upward, as it was explained 
before, its lower end being in communication 
with the now compressed air in the chambers 22 
through ducts 32, 29 and 28, the upper end being 
in communication with the exhaust side 2 of the 
piston Vanes, ducts 3, 25 and 24. The sleeve 
Valve will open the port 50 admitting compressed 
fluid from the pipe 52 into the chamber 2 and 
the port 50' will also be opened permitting escape 
of the air from the chamber 22. The port will 
remain open until the air pressure at both sides 
of the piston is substantially equalized, when the 
sleeve valve will return to its neutral position 
under action of the equalizing springs 69 and 
9. 

further movement of the arm 2 with the result 
that the arm 2 will move freely without practi 
cally any resistance from the piston vanes 8. 
Such an effect can take place, however, only 

in the absence of inertia forces, i. e., when the 
car travels slowly or when the rough spots on 
the road are relatively slight, resulting in a very 
soft ride with practically no resistance added to 
the action of the vehicle Suspension Springs. 

If the prominence on the road is such, however, 
that the Spring supporting the body above the 
Wheel is appreciably compressed, the increased 
spring tension will tend to lift the body with the 
upward acceleration. This will cause the weight 

to exert pressure on the oil 4' in the reservoir 

This Operation will be repeated with the 

2,212,426 
4. The total travel of the weight being small, 

its pressure will be proportional to the accelera 
tion of the body due to the downward inertia 
reactive force of the weight. Pressure will be 
transmitted through the oil to the pistons and 
83. Its effect on these pistons will be different, 
however, since the movement of the piston 83 
is resisted by the compression spring 85, while 
the movement of the piston T is retarded because 
the oil must pass to the piston through the 
apertures 8. The travel of the piston 77 will be, 
therefore, in delayed phase relation to the travel 
of the piston 83 so that the latter will have a 
tendency to move first thereby slightly raising 
the valve rod 35 while the piston 77 has not yet 
moved. This effect, however, will be of rela 
tively short duration since the apertures 8 are 

0 

s 

relatively large and the spring 85 is relatively 
strong, so that the valve 35 will begin almost 
innediately to move downward under the pre 
dominant action of the piston TT which is re 
Sponsive to the upward velocity of the body. 
The valve rod 35 when moving downward, 

Opens the port 50 thereby admitting compressed 
air from the pipe 52 into the chamber 2 through 
the ducts 65", 25 and 24 and ports 23. The port 
50' will be also opened connecting the chambers 
22 with the outside air through the ports 27 and 
ducts 28, 29 and 66. The difference in pressure 
thus established between the chambers 2 and 
22 will be communicated to the opposite ends of 
the sleeve valve 38, causing the latter to follow 
the valve 35 and to move downward to a distance 
equal to the displacement of the valve 35 thereby 
closing the ports 50 and 50. If there is any leak 
age of air between the chambers, it will cause 
the sleeve 38 to move slightly upward thereby 
reestablishing the difference in pressure. Since 
the sleeve 38 is centered on the springs 69 and 70 
the air pressure necessary to move it in accord 
ance with the movement of the valve 35 Will 
increase with the compresson of the springs and 
will be proportional to the downward travel of 
the valve 35, which is proportional to the upward 
Velocity of the body less its acceleration. The 
upward (clockwise on the drawings) torque of 
the air pressure on the piston vane 8 is also 
proportional to velocity of the body minus ac 
celeration. This torque is transmitted to the 
axle 9 by the arm 2 in the upward direction 
and, therefore, to the body in the downward 
direction, thereby restraining the latter from foll 
lowing the axle and from moving upward. It 
should be noted that in my system the valves 
reverse the air pressure which normally should 
be developed in chambers 2 f and 22 under action 
of moving vanes 8. 
The upward movement of the axle will cease 

When the wheel reaches the top of the elevated 
spot on the rod. If the elevation continues for 
some distance, the body will gradually adjust 
itself to the new position in space above the axle, 
i. e. it will reestablish the normal elevation above 
the axle, such a movement will take place without 
Overtraveling and, therefore, aperiodically, with 
out subsequent oscillations. This is due to the 
fact that the valve 35 will remain in downward 
position from the neutral as long as the body has 
a tendency to move upward and therefore the 
differential air pressure on the vanes 8 will re 
strain the body from moving upward, the releas 
ing action taking place gradually and without 
overtravel on the part of the body. 

If the wheels move downward, the body will 
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direction, thereby causing the weight to exert 
inertia reactive force in the upward direction, 
reducing the oil pressure in the well 74 and caus 
ing the pistons 83 and 7 to move upward. The 
valve 35 will move upward, admitting compressed 
air into the upper chambers 22 and restraining 
thereby the downward movement of the body. 
The operation in all other respects will be similar 
to the already described operation when the 
Wheels move upward. 
The plunger rod 78' has a substantially con 

stant loading pot consisting of a plunger 89 mov 
ing in a pot or cylinder 90. The latter is con 
nected by a duct 99 with a chamber 92 in which 
slides a cylindrical valve 93. A shock absorbing 
element is also connected with the chamber 90 
consisting of a cylinder 94 with a plunger 95 rest 
ing against a compression spring 96. The plung 
er acts as a buffer, moving inwardly when there 
is a sudden rise in pressure in the chamber 90. 
The valve 93 has an annular recess 97 (see also 
Fig. 14) in communication with the chamber 92 
by means of a short duct 97. The front end 
portion of the valve covers an annular groove 
98 connected with the pipe 52 by a duct 9. The 
rear Valve portion closes an annular groove 100 
connected with the outside air through a duct 
0. A helical compression spring 102 keeps the 

valve in its neutral position as shown, the spring 
resting against a sliding block 03 with a roller 
04 resting against an eccentric iO5 on the shaft 
0. The eccentric is positioned so that it rests 

With its middle portion against the roller when 
the arm 2 is in the middle or neutral position. 
The eccentric moves the block from center of 
shaft 0 when the arm 2 is raised and lets the 
block slide back when the arm 2 is lowered. At 
the extreme limits of movement of cam 05 it is 
provided with raised portion 30 and a depres 
Sion 300 in order to prevent excessive travel of 
the wheels when encountering unusually bad road 
Conditions. 's 

In the first case the spring moves the valve Out 
until the groove 98 is uncovered, admitting com 
pressed air from the pipe 52 into the chamber 92 
and through the duct 99 with the cylinder 90. 
This retards any further movement of the plung 
er 77 without affecting the plunger 83. As a 
result, the movement of the valve 35 will be re. 
versed. The movement of the valve Will be 
stopped and the valve moved back into the neu 
tral position when the pressure in the chamber 
92 compensates the pressure of the Spring 02. 
It is evident that greater air preSSure will be 
maintained in the cylinder 90 for greater up 
Ward deflections of the arm 2. The reverse 
takes place when the arm 2 is moved downward, 
the valve 93 moving then inward and Opening 
the groove OO into the atmosphere and thereby 
reducing pressure in the pot cylinder 90. In 
this way a constant average distance is main 
tained between wheels and body. The desired 
degree of averaging delay between PreSSres in 
duct 92 and duct 99 being controlled by plug 92 partially closing duct 99. 
A modified device is shown in Figs. 3 and 4. 

A cylindrical casing 06 is attached to the frame 
of the vehicle by bolts 5 and has covers T 

and 08 attached to the casing by bolts os. A 
piston or plunger slides in the bore O' of the 
cylinder and has a rod if sliding in an air-tight 
gland 2. The other end of the rod is piv 
oted at to a bar 4 having a ball 4 at the 
end engaged by a ball-shaped bearing in a tubu 
lar rod is mounted on the axle f of the vehicle. 

5 
The other end of the bar 4 is pivoted at i? 5 
to a supporting link 16 pivotally connected at 

7 to a lug 8 on the cover 07. The casing 
06 has an extension 9 with a cylindrical bore 

for a stationary sleeve 120. The latter has end 
walls 2 and 22 with bearings for the stem of a 
sliding valve 23. Air chambers 24 and 25 are 
formed at the ends of the sleeve 20 and are con 
nected with the cylinder bore O' by ducts 27 
and 26. The stem of the valve 23 is of an en 
larged diameter at the top where the stem passes 
through the end 22 in order to equalize the air 
preSSure on both ends of the stem. 
This is accomplished by making the area of 

the shoulder at the enlarged upper portion of the 
stem equal to the area of the lower end portion. 
The valve has valve discs 36 and 37 closing ports 
50' and 50 when in the neutral position. These 
ports are in communication with ducts 29 and 
28 extending to the upper and lower ends of the 
cylinder bore 0'. The ducts terminate at a 
distance from the end covers fol and 08 in order 
to provide a dead space for the air at the end 
of the piston travel so as to form a shock absorb 
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ing buffer between the piston and the end covers. 25 
Exhaust ports 5 and 5 are also provided in 
the sleeve 20 in communication with the exhaust 
ports 30 and 30'. - 
The upper end of the valve stem 23 has an 

enlarged portion f3t to which one end of a spring 
32 is attached. The other end of the spring is 
attached to a lever 33. The Spring thereby 
SeVeS as a connecting link between the valve 
stem 23 and the lever 33, working both on 
compression and tension. The lever 33 is piv 
oted at 34 on a standard 35 mounted on the 
Cover 08. Blocks or weights 36 and 137 are 
slidably mounted on the ends of the lever .33. 
The Weight 36 is made larger and heavier than 
the weight 37 and their relative positions can be 
adjusted by nuts f38 threaded on the ends of their lever 33. 
The valve 23 may be displaced from the neu 

tral position by a differential preSSure in the 
end chambers 24 and 25 which may be caused 
by the displacement of the piston to in the bore 

0'. It can be seen that such a displacement 
of the valve will result in the equalization of the 
air pressure at the opposite sides of the piston, 
the effect being similar to equalizing action of the sleeve 38 in Fig. 1. 
Thus if the piston if 0 is moved lipWard, for 

instance, compressing air in the lipper portion of 
the cylinder, the increased air pressure will cause 
the valve 23 to move downward. The disc 3 
will uncover the port 50, admitting compressed 
air into the lower portion of the cylinder, while 
the disc 36 will uncover the port 50', releasing 
air from the upper cylinder portion into the 
atmosphere. As a result, the preSSure on both 
sides of piston if 0 will be equalized. 
The differential weight of the blocks 36 and 
3 acting on the stem 23 through the spring 
32, corresponds to the velocity component of the 

weight Til in Fig. 1. 
represented by a weight 39 adjustably mounted 
on the threaded end of a lever 40 pivoted at 4 
on a bracket 42 supported on the covero. A 
Small regulating weight 42 is adjustably fitted 
on the other end of the lever. The lever 40 
engages the enlarged portion 3, tending to lift 
the stem 123 under action of the larger weight 

The necessary retarded action for the velocity 
component is obtained by connecting an oil dash 
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pot to the lever 33. The dash pot is represented 
by a flexible cylinder 43 with an upper cover 
84 having a clevis 85 pivoted at $6 to the 

5 

lever 33. A middle wall 4 is fitted in the 
cylinder and is provided with a small aperture 
f48 for allowing oil, or similar liquid, to pass be 
tween the lower and upper compartment of the 
cylinder 43, 
The Wall or diaphragm 4 extends outside the 

cylinder and is mounted on a bracket 49 Sup 
ported on the top cover f08 of the casing 05. 
The lower cover 50 of the cylinder 63 rests on 
the end of a rod 5 slidably fitted in a cor 
responding hole in the casing extension AS. The 
lower end of the rod 5 engages the upper end 
of a spring 52 whose other end presses against 
a second rod 53 extending outside the casing 
and resting against an arm 54. The latter is 
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pivotally supported at 55 in a bracket S6 ex 
tending from the lower cover 667 of the casing, 
the other end being pivotally connected at 5 
to one end of a link 58 whose other end is pivoted 
at 59 to the lever 8. This arrangement is 
equivalent to the eccentric regulated dash pot 
89, 9 of Fig. 1. An upward movement for in 
stance, of the frame 6 or body of the vehicle, will 
result in the downward movement of the Weight 
36, forcing the oil from the upper portion of 

the cylinder 63 through the aperture 868 into the 
lower portion against the pressure of the spring 
52. The resistance of the spring will be ine 

creased as the piston 6 moves upward and will 
correspondingly decrease for its downward 
movement. r 
A modified device is shown in Fig. 6. The 

main portion of the apparatus is similar to the 
one shown in Fig. with the exception that a 
shelf 60 is provided on top of the casing 6 for 
the enlarged base 62 of a relatively tall tube 
S3 with a cap 64 on top. A weight 35 slides 

in the tube and is supported on the end of a 
long compression spring 66 whose other end rests 
on a partition 67 at the lower end of the tube. 
The partition supports an inner tube 68 serving 
as a dash pot in connection with a plunger 69 
mounted on the ends of a rod f 70 extending from 
the weight block 65. An aperture allows the 
oil ' to flow from one side of the plunger to 
the other. 
A spring 72 is fitted in the lower portion of 

the cylinder 68 and is attached at its upper end 
to the plunger 69, the lower end being attached 
to the upper end of the valve stem 23. A disc 

3 is also attached to the end of the stem 23 
and forms a, bottom plate of a flexible cylinder 
74 forming a continuation of the cylinder 68. 
A lever 75 is pivoted at 34 in a bracket 35 and 
carries an adjustable fitted weight 36, the 
other end of the lever carrying a smaller weight 
76 adjustable fixed by a set screw 7. The 

middle portion of the lever 75 rests against the 
under side of the disc 3, the end of the lever 
being pivotally connected at 78 to a rod is 
having a plunger 89 at the end. 
With this device in operation, when the vehicle 

reaches an elevated spot on the road, the body 
suspension springs will begin to be compressed. 
The first tendency of the body to go down will 
be overcome by the compression of the springs 
with the result that the body will have a tendency 
to move upward. The weight f85, being sup 
ported by a long spring 66 of an almost constant 
resistance, will have a tendency to remain sta 
tionary in space by inertia. The casing 6 will 
move upward, compressing the Spring 66 and 
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causing the piston 69 to move in the dash-pot 
68, forcing the liquid in the dash pot to move 
upward through the orifice . The oil pressure 
in the dash pot may be made very small in COIns 
parison to the force of inertia of the weight 85 
and therefore, the resistance of the dash pot will 
have only a very small effect on the weight SF 
except that it will inhibit its Oscillations, 
The oil pressure under the piston created by 

the upward movement of the body will be prote 
portional in magnitude to the rate of relativ3. 
displacement between the weight 65 and the 
casing 6 and will be, therefore, proportional to 
the absolute velocity of the body in Space. 
A relatively weak tension-compression spring 

AT2 under the piston 69 will produce a downward 
force on the bottom of the dash pot which force 
will be proportional to the absolute vertical dist 
placement of the body. The weight 36 will move 
with the body and will gencrate downward react 
tion force proportional to the absolute accelera 
tion of the body in space. This force is trans 
mitted to the bottom of the dashpot as in upward 
thrust because the support is located betweera 
the weight and the dash pot. 

It will be seen, therefore, that he botton 
of the dash pot which is attached to the valve 
23 will be subjected to three forces: One, pro 

portional to the vertical displacement of the car, 
another proportional to the velocity of displace 
ment of the body, and thirti, proportional to the 
acceleration of the body. 
The mechanism may be made and adjusted 

so that the first two forces will be greater than 
the third so that the net force acting on the Vlave 
23 will be in downward direction, so that the 
valve 23 will move downward to a small distance 
thereby admitting compressed air into the chair 
bers 2, releasing air from the chambers 22. 
The torque thus created and applied to the 

piston vanes 8 will be transmitted by the airn 
2 as an upward force to the axle and as a down 
ward force to the body. In view of the fact that 
the valve 23 in the form of pistons subjected 
to the difference in air pressure between the 
chambers 2 and 22 through ports 3i and 32 the 
air pressure will tend to bring the valve back 
into the neutral position as soon as the difference 
in air pressure will reach value proportional to 
the downward force created by dash pot Spring 
72 and inertia of the weight 36. 
It will be apparent, therefore, that the opera 

ing force of the arm 2 will resist against the up 
ward movement of the body under action of the 
increased compression of the car springs caused 
by the elevation on the road. If instead of ee 
vation, the vehicle will encounter a depression, 
the body will have a tendency to move down 
ward and the forces will be reversed so that the 
arm 2 will have a tendency to oppose the downi 
ward movement of the body. Air vents f88 may 
be provided in the upper end of the tube 68. 
A modified form of my stabilizer is shown a 

Fig. 7. A cylinder 8 has top and botton coves 
82 and 83 respectively and an outer cylindrical 

casing 86 spaced from the cylinder 8 so as 
to form an annular clearance 85. A cylindrica 
sleeve valve 86 is fitted in the clearance 85and 
has inner circular ribs 87 and 87' closing ports 
88 and 88 in the walls of the inner cylinder. 
The outer peripheral side of the sleeve 86 slide 
ably bears against the inner surface of inner 
circular ribs 89 on the outer casing 8. The 
valve 86 has ports 90, 19 and 9 in com 
munication with the intake pipe, 52 for the com 
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pressed fluid and exhaust ports 30 and 30' re 
spectively. The sleeve valve 86 has plungers 92 
at the bottom and similar plungers 93 at the top 
sliding in corresponding bores 94 and 94' in 
communication with the respective ports 88 and 
88' through ducts 95, and 95'. The upper 
plungers are of a larger diameter, having rods 
96 extending through the top cover 82, the ex 
posed areas of the plungers being substantially 
equal. The rods 96 are attached to the ends 
of a bar 97 connected at the middle point 98 
to the lower end of the spring f2. The sleeve 
valve 86 is thereby balanced in the neutral po 
sition and is moved one way or the other by dif 
ferential air pressure in the end portions of the 
cylinder. The acceleration responsive member in 
this case consists of the Weight of the valve 86 
itself and its inertia force is additive to velocity 
component of dash pot 68. 
The ports - 88 and 88’ are spaced from the 

ends of the cylinder in order to provide for a 
cushioning effect by the air trapped by the pis 
ton ft 0 at the end of its travel in either direc 
tion. The object of this particular construction 
is to provide a very large area of ports for the 
cylinder in order to effect more rapid action of 
the valve in admitting compressed air into the 
cylinder. 
My device with its inertia control of compressed 

air effectively inhibits movements and oscilla 
tions of the body in response to the corresponding 
movements of the wheels and axles. My device 
can be also adapted for preventing turning or 
upsetting effect on the body as may be caused by 
the centrifugal force when the vehicle is round 
ing a curve at a high speed. This arrangement 
is shown in Figs. 8 and 9 and consists in the 
provision of weight 200, the latter having arms 
20 rigidly attached to the sides of the Weight 
as by screws 20', the other ends of the arms 
being pivotally mounted on shaft 202 supported 
in brackets 202 on a double ring 203 clamping 
diaphragms 204 and 205 to a flange 206 of an 
oil well 207. The latter is separated by a parti 
tion 208 forming separate compartments 209 and 
20 for the velocity responsive element 77 and for 
the inertia responsive element 83. The weights 
bear on the diaphragms 204 and 205. The arm 
20 f is positioned in direction at right angles to 
the longitudinal axis of the vehicle and in oppo 
site directions for the right and left side of the 
vehicle so that the shaft 202 is placed on the 
inside and the weights on the outside with ref 
erence to the central longitudinal axis of the 
vehicle. The weights are, therefore, free to re 
spond to vertical forces of inertia, but, at the 
same time, weight 200 also responds to the cen 
trifugal force which creates a turning moment 
for the weight around its pivoting points. It foll 

60 

65 

70 

75 

lows, therefore, that the centrifugal force creates 
a turning moment for the weights located at the 
Outer side of the vehicle in rounding a curve 
thereby producing a reaction force by compressed 
air tending to keep this side of the vehicle up 
with a force which may be made sufficient to 
overcome the pressure on the springs caused by 
the turning moment of the centrifugal force On 
the body of the vehicle. There will be an oppo 
site effect on the weights at the inner side of the 
vehicle, the turning moment being in this case 
such as to raise the weight from the diaphragms. 
A similar arrangement is shown in Figs. 10, 

11 and 15 illustrating a mechanism such as shown 
in Fig. 3 with the exception that the inertia lever 
4D is placed at right angles to the velocity lever 

7 
33 and has a weight 2 extending vertically 
So as to be affected by horizontal forces of in 
ertia in the same manner as the weight 200. 
Another modification is shown in Fig. 12, this 

form of the stabilizer being adapted for either 
lateral, longitudiral or directional stabilization 
of an airplane. For this purpose this stabilizer 
is designed to respond only to rotary motions in 
a plane transvers;3 to the direction of flight for 
lateral Stabilization, or in the vertical plane of 
flight for longitudinal stabilization, or also in the 
horizontal plane of fight for directional stabili 
zation. 
This device has weights 22 and 22' which are 

equal in this case and spaced at the same distance 
from the pivotal support on an arm 33. The 
force transmitted to the dash pot 43 is propor 
tional to the angular acceleration of the airplane 
if the device is placed on its axis of rotation. 
The device is not responsive, however, to straight 
linear motions. Therefore the distance (which 
is made purposely small) transversed by weight 
22 is proportional to the angular velocity. The 
force of spring 32 is, therefore, also proportional 
to angular velocity. 

Similarly weights 23 and 23' are of the same 
size and spaced on an arm 40 at the same dis 
tance from the pivotal support f4 so that the 
force transmitted to the valve 23 is proportional 
to the angular acceleration. The total net force 
on 'he valve is therefore, proportional to the 
ang lar velocity plus or minus angular accelera 
tion of the airplane. This force is balanced at 
all times by the differential pressure acting on 
the piston O since the ends of the valve are ex 
posed to this pressure through the ports 26 and 
27 (Fig. 3). Consequently at any given moment 
the differential pressure will be proportional to 
the angular velocity plus or minus angular accel 
eration of the airplane, independently of the po 
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sition of the piston to in the casing 106. The 
piston rod f is connected by an arm 24 with 
a cable 25 guided by rollers 26 and connected 
with ailerons (not shown), elevators (not shown) 
or other control devices which introduce reaction 
between the airplane and the surrounding air in 
direction required for stabilizing the airplane or 
straightening its position. Under the force of 
air pressure on piston ff0 the ailerons will move 
such a distance as to reach a balance between 
the force on the piston and the force or torque 
of the air stream acting on the ailerons (eleva 
tors, rudder etc.). The stabilizing torque of the 
latter will be therefore, proportional to the dy 
namic characteristics of the angular motion of 
the airplane around its axis of rotation. 
In another embodiment of my shock absorber 

as shown in Fig. 13 electromagnetic forces are 
utilized for producing stabilizing reaction on the 
body. . A heavy magnet 27 is suspended on a 
long spring 28 attached to the body 6 so that 
it has a tendency to remain stationary in Space 
due to its inertia, moving therefore in relation. 
to a coil 29 which is also attached to the body 6. 
Voltage generated in the coil 29 by the move 

ment of the magnet is therefore proportional to 
the vertical velocity of the body. A weight 220 
rests on a compression rheostat or piezo-crystal 
22 and moves together with the body. The re 
sistance of the rheostat or electromotive force of 
crystal varies, therefore as a vertical acceleration. 
A vacuum tube amplifier 222 is connected with 

the coil and the rheostat and amplifies the cur 
rents, using a source of current 223 and designed 
to make its output proportional to the sum or 
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difference of the vertical velocity and accelera 
tion of the body. The amplifier 222 can be also 
of differentiating or integrating characteristic. 
The output of the amplifier 223 is fed into a 

filed coil 227 of a constant speed D. C. generator 
224 which, therefore, generates voltage propor 
tional to the dynamic characteristics of the verti 
cal movements of the body. The arnature of 
the generator is connected to a coil 225 attached 
to the body. A magnet 226 attached to an axle 
9 is moved in the coil 225 being either attracted 

or expelled depending on the direction of current 
through the coil, the force of such attraction or 
repulsion being proportional to the current 
through the coil, so that the stabilizing force of 
the magnet Will be proportional to the vertical 
velocity and acceleration of the body. 

In order to minimize the effect of counter 
electromotive force generated in the coil by the 
movements of the magnet, a feed-back connec 
tion is provided for the amplifier, the latter being 
designed to vary current in the Solenoid accord 
ingly so as to suppress the effect of the C. E. F. 
This feed-back connection can alternately be 
made to response to the extent of relative move 
ment between coil 225 and magnet 226. In this 
Way a purely magnetic Suspension. Of the body 
to be stabilized can be achieved. If the output 
of amplifier 222 is fed directly into coil 225 such 
a rapid response to movements of body 6 can 
be obtained as to permit a stabilization of body 
against even high frequency oscillations due to 
sound transmission from 9. This kind of 
stabilizer or noise counteracting device is par 
ticularly applicable to street cars due to readily 
available Source of electric energy. 

I claim as my invention: 
1. A shock absorber and stabilizer for a body 

adapted to have a motion of translation over a 
Supporting medium, comprising a casing, a mem 
ber movably Supported in the casing and sepa 
rating the casing into upper and lower cham 
bers, a Source of compressed fluid, means to 
selectively admit the fluid into one of the cham 
bers simultaneously exhausting the fluid from 
the other chamber, thereby creating a differen 
tial pressure in the chambers, means to interpose 
resistance between the body and the Supporting 
medium by said differential pressure, and means 
to control the differential pressure in propor 
tion to the velocity and acceleration of the move 
ments of the body transverse to the motion of 
translation. 

2. A shock absorber and Stabilizer for a body 
adapted to have a motion of translation over a 
supporting medium, comprising a casing, a mem 
ber movably supported in the casing and sepa 
rating the casing into upper and lower chambers, 
a source of compressed fuid, means to selectively 
admit the fluid into one of the chambers simul 
taneously exhausting the fuid from the other 
chamber, thereby creating a differential pres 
sure in the chambers, means to interpose re 
sistance between the body and the supporting 
medium by said differential pressure, a movable 
element responsive to dynamic characteristics of 
the movements transverse to the motion of trans 
lation, and means to control the differential pres 
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. sure by the element so as to make this differential 
70. pressure continuously-proportional to a com 

bination of said dynamic characteristics. 
3. A shock absorber. and stabilizer for a body 

resiliently supported on a member contacting a 
supporting medium, comprising a motor inter 
posed between the body and the member, a 
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Source of power for the motor on the body, the 
body with the member being adapted to have a 
motion of translation on the supporting me 
dium, a movable element adapted to control the 
power for the motor, and means responsive to 
the velocity and acceleration of the body in direc 
tion transverse to its motion of translation, for 
controlling the navable element, so as to cause 
the motor to resist the transverse movement of 
the body. 

4. A shock absorber and stabilizer for a body 
resiliently Supported on a member contacting a 
Supporting mediulin, the body and the member 
being adapted to have a motion of translation 
over the Supporting medium, the body being 
adapted to have oscillatory movements in rela 
tion to the Supporting member in direction trans 
verse to the motion of translation, a fluid motor 
interposed between the body and the member, a 
Source of compressed fuid for the motor, a nov 
able element responsive to dynamic properties 
Of the transverse movements of the body, a valve 
adapted to admit the fluid into the motor, and 
means to move the valve by the movable element 
SO as to oppose the transverse movements of the 
body by the motor by the compressed fluid. 

5. A shock absorber and stabilizer for a body 
resiliently supported on a member contacting a 
supporting medium, the body and the member 
being adapted to have a motion of translation 
over the supporting medium, the body being 
adapted to have oscillatory movements in rela 
tion to the Supporting member in direction trans 
verse to the motion of translation, a fluid motor 
interposed between the body and the member, a 
Source of compressed fluid for the motor, a valve 
controlling admittance of the fluid to the motor, 
a novable element responsive to dynamic prop 
erties of the transverse movements of the body, 
and means to nove the valve by the movable 
element so as to Oppose the transverse move 
ments of the body by the motor, and means to 
return the valve into the neutral position by the 
operative fluid pressure in the motor. 

6. A shock absorber and stabilizer for a body 
resiliently supported on a member contacting a 
supporting medium, the body and the ninenber 
being adapted to have a motion of translation 
over the supporting medium, the body being 
adapted to have oscillatory movements in rela 
tion to the supporting member in direction trans 
verse to the motion of translation, a fluid motor 
interposed between the body and the member, 
and consisting of a casing with a plunger movably 
fitted in the casing and separating the casing into 
the upper and lower chambers, a Source of fluid 
for the motor, a valve adapted to Control the ad 
mittance of the fluid into one of the chambers 
while exhausting the fluid from the other cham 
ber, a movable element in the casing responsive 
to the velocity of the transverse motion of the 
body, a movable element in the casing respon 
sive to the inertia of the body in its transverse 
movement, means to operate the valve by said 
movable elements So as to oppose the transverse 
movements of the body while assisting move 
ments of the Supporting member, and means to 
neutralize the action of the valve by the dif 
ferential pressure in the chambers. 

7. A shock absorber and stabilizer for a body 
resiliently supported on a member contacting a 
Supporting medium, the body and the member 
being adapted to have a motion of translation over 
the Supporting medium, the body being adapted 
to have oscillatory movements in relation to the 
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supporting member in direction transverse to the 
motion of translation, a fluid motor interposed 
between the body and the member, and consisting 
of a casing with a plunger movably fitted in the 
casing and separating the casing into the upper 
and lower chambers, a source of compressed 
fluid for the motor, a vtlve adapted to control the 
admittance of the fluid into one of the cham- . 
bers while exhausting the fluid from the other 
chamber, a movable element in the casing re 
Sponsive to the velocity of the transverse motion 
of the body, a movable element in the casing re 
Sponsive to the inertia of the body in its trans 
verse movement, means to operate the valve by 
said movable elements so as to oppose the trans 
verse movements of the body while assisting move 
ments of the supporting member, means to neu 
tralize the action of the valve by the differential 
pressure in the chambers, and means to vary the 
effect of the differential pressure on the valve in 
accordance with the relative position of the plung er in the casing. 

8. A shock-absorber and stabilizer for a body 
resiliently supported on a member contacting a 
Supporting medium, the body and the member 
being adapted to have a motion of translation over 
the supporting medium, the body being adapted 
to have oscillatory movements in relation to the 
Supporting member in direction transverse to the 
motion of translation, a fluid motor interposed be 
tween the body and the member, and consisting of 
a casing with a plunger movably fitted in the cas 
ing and separating the casing into the upper and 

35 lower chambers, a source of compressed fluid for the motor, a valve adapted to control the ad 
mittance of the fluid into one of the chambers 
while exhausting the fluid from the other cham 
ber, a movable element in the casing responsive to 
the velocity of the transverse motion of the body, 
a movable element in the casing responsive to the 
inertia of the body in its transverse movement, 
means to operate the valve by said movable ele 
ments SO as to oppose the transverse movements 
of the body while assisting movements of the 
Supporting member, and means to neutralize the 
action of the valve by the differential pressure in 
the chambers, means to vary the effect of the 
movable elements on the valve in accordance with 
the relative position of the plunger in the casing. 

9. A shock absorber and stabilizer for a body 
resiliently supported. On a member contacting a 
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Supporting medium, the body and the member 
being adapted to have a motion of translation over 
the supporting medium, the body being adapted to 
have oscillatory movements in relation to the 
supporting member in direction transverse to the 
motion of translation, a fluid motor interposed 
between the body and the member, and consisting 
of a casing with a plunger movably fitted in the 
casing and separating the casing into the upper 
and lower chambers, a source of compressed fluid 
for the motor, a valve adapted to control the ad 
mittance of: the fluid into one of the chambers 
while exhausting the fluid from the other cham 
ber, a movable element in the casing responsive to 
the velocity of the transverse motion of the body, 
a movable element in the casing responsive to 
the inertia of the body in its transverse move 
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ment, means to operate the valve by said mov 
able elements so as to oppose the transverse move 
ments of the body while assisting movements of 
the supporting member, and means to neutralize 
the action of the valve by the differential pres 
sure in the chambers, an auxiliary fluid motor Op 
posing movement of said elements, and means to 

9 
control the auxiliary motor by the position of the 
plunger in the casing. 

10. A shock absorber and stabilizer adapted to 
be supported between the body and the axle of a 
vehicle and comprising a casing and a member 
movably fitted in the casing separating the lat 
ter into the upper and lower chambers, a source . 
of compressed fluid for the casing, a valve con 
trolling the admittance of the fluid into the cham 
bers of the casing, means to place the valve into 
the neutral position by the differential pressure 
in the chambers, said means being inoperative for 
the extreme positions of the members in the cas 
ing, elements on the casing responsive to the ve 
locity and/or acceleration of the body in direc 
tions transverse to the axis of the vehicle, and 
means to Operate the valve by Said elements So 
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as to produce differential pressure against the . 
movable member opposing the transverse move 
ments of the body while removing resistance to 
the corresponding movements of the axle. 

11. A shock absorber and stabilizer adapted to 

20 

be supported between the body and the axle of a 
vehicle and comprising a casing and a member 
movable fitted in the casing separating the lat 
ter into the upper and lower chambers, a source 
of compressed fluid for the casing, a valve con 
trolling the admittance of the fluid into the cham 
bers of the casing, and consisting of two rela 
tively movable parts, yieldable means to keep 
the first valve part in the neutral position, yield 
able means to keep the second valve part in the 
neutral position, elements responsive to the ve 
locity and/or acceleration of the body in direc 
tions transverse to the progressive movement of 
the vehicle, means to move the first valve part by 
said elements for admitting compressed fluid into 
one chamber while exhausting the fluid from the 
other chamber so as to oppose said transverse 
movements of the body, and means to move the 
Second valve part into the neutral position by 
the differential pressure in the chambers. 
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12. A valve for controlling differential pressure 
in two chambers, comprising a housing, two rela 
tively movable valve members in the housing, 
yieldable means to keep the valve members in a 
neutral position, the first valve being adapted 
to be moved by a differential pressure in the 
chambers into the open position for admitting 
a compressed fluid into the chamber with low 
pressure and exhausting the chamber with high 
pressure thereby establishing balance of pressure 
in the chambers, the Second valve being adapted 
to be moved by an external agency for admitting 
the compressed fluid into One of the chambers, 
until the first valve closes the Second wave under 
action of said differential pressure. 

13. A shock absorber and stabilizer comprising 
a motor adapted to be supported between the 
body and the end portion of the axle of a vehicle, 
a source of power for the motor, elements re 
sponsive to dynamic characteristics of the verti 
cal movements of the body, means responsive to 
horizontal movements of the body in direction 
outward from said end portion of the axle, and 
means to control power input for the motor by 
said elements so as to create torque in the motor 
opposing said movements. 

14. A shock absorber and stabilizer comprising 
a motor adapted to be supported between the 
body and the end portion of the axle of a vehicle, 
a source of power for the motor, a vertically 
movable element responsive to dynamic chair 
acteristics of the vertical movements of the body, 
a hinged vertically movable element responsive 
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dynamic characteristics of horizontal move 
ments of the body in direction outward from said 
end portion of the axle and means to control 
pOWer input for the motor by Said elements SO 
as to create torque in the motor opposing said 
movements. 

15. A shock absorber and stabilizer for a body 
comprising a motor element responsive to ab 
Solute velocities of the body in selected directions 
comprising a container with a viscous fluid, a 
flexible member closing the container, a weight 
Supported on the flexible member, and adapted 
to exert preSSure on the fluid, a cylinder in a 
restricted communication with the fluid, a mem 
ber movably supported in the cylinder, retrieving 
means for balancing the normal fluid pressure On 
the member, the travel of the member being 
therefore Substantially proportional to the 
velocity of the body in said selected directions, 
and means to control the motor by the movable 
member. 

16. A shock absorber and stabilizer for a body 
comprising a motor, an element responsive to 
absolute acceleration of the body, in selected . 
directions comprising a container with a viscous 
fluid, a flexible member closing the container, a 
Weight Supported on the flexible member, and 
adapted to exert pressure on the fluid, a cylinder, 
a movable member in the cylinder directly ex 
posed to the fluid pressure, resilient means to 
balance the fuid pressure, the travel of the 
member being therefore substantially propor 
tional to the acceleration of the body in said 
selected directions, and means to control the 
notor by Said member. 

17. A shock absorber and stabilizer for a body 
resiliently supported on a member contacting a 
supporting medium, the body and the member 
being adapted to have a motion of translation 
Over the supporting medium, the body being 
adapted to have oscillatory movements in rela 
tion to the supporting member in direction trans 
verse to the motion of translation, a fluid motor 
interposed between the body and the member, 
and Consisting of a casing with a plunger mov 
ably fitted in the casing and separating the cas 
ing into the upper and lower chambers, a source 
of compressed fluid for the motor, a valve 
adapted to control the admittance of the fiuid 
into one of the chambers while exhausting the 
fluid from the other chamber, a movable element 
in the casing responsive to the velocity of the 
transverse motion of the body, a movable element 
in the casing responsive to the inertia of the 
body in its transverse movement, means to op 
erate the valve by said movable elements so as 
to oppose the transverse movements of the body 
while assisting movements of the supporting 
member, and means to neutralize the action of 
the vaiye by the differential pressure in the 
chambers, an auxiliary fluid motor opposing 
movement of said elements, and means to control 
the auxiliary motor by the position of the plunger 
in the casing, Said means consisting of a valve 
adapted to control admission of the compressed 
fluid to the auxiliary motor, a spring pressing on 
the valve, means to vary, the spring tension by 
the position of the plunger in the casing, the 
Valve being adapted to be balanced by the fluid 
pressure in the auxiliary motor acting on the 
valve in direction opposite to the spring pres 
Se, w 

18. A fluid pressure relay comprising a casing 
and a nember movable fitted in casing separat 
ing the latter into upper and lower chambers, 
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source of compressed fluid for the casing, a valve 
controlling the admission of the fluid into cham 
bers of the casing, movable means to place the 
valve into neutral position, yieldable means to 
actuate the valve, movable means responsive to , 
pressure conditions in the chambers, a dampen 
ing device restraining the movement of movable 
means, and controlling means for the valve re 
sponsive to conditions of movement of the body. 

19. A fluid pressure relay comprising a casing 
and a member movable fitted in casing Separat 
ing the latter into upper and lower chambers, a 
source of compressed fluid for the casing, a valve 
controlling the admission of the fluid into cham 
bers of the casing, movable means to place the 
valve into neutral position, a can actuated by 
the movement of the member, an operative Con 
nection between the can and movable means, 
and controlling means for the valve responsive 
to the movements of the body. 

20. A yieldable fluid pressure support for a 
body over a member contacting a Supporting 
medium, the body and the member being adapted 
to have a motion of translation over the Sup 
porting medium, comprising a fluid motor inter 
posed between the body and the member, a Source 
of compressed fluid for the motor, a valve Con 
trolling the distribution of the fluid to the motor, 
a movable element responsive to the change of 
distance between the body and the member, and 
means to move the valve by the movable element 
so as to oppose the transverse movements of the 
body by the motor, and means to return the 
valve into the neutral position by the differential 
fluid pressure in the motor. 

21. A shock absorber and stabilizer for a body 
resiliently supported on a member contacting a 
supporting medium, comprising a motor inter 
posed between the body and the member, a Source 
of power for the motor on the body, the body 

of translation on the supporting medium, a moV 
able element adapted to control the power for 
the motor, elements responsive to the velocity 
and acceleration of the body in relation to the 
supporting member, and means to control the 
movable element by said elements so as to cause 
the motor to resist the movements of the body in 
relation to the supporting member. 

22. A shock absorber for a body resiliently Sup 
ported on a member contacting a Supporting 
medium, the body and the member being adapted 
to have a motion of translation over the Support 
ing medium, a fluid motor interposed between 
the body and the member, a source of fluid for 
the motor, a two-part compound movable valve 
for controlling communication between the 
motor and the Source of fluid, means to move 
One part of the compound valve a relatively large 
distance proportional to the differential pressure 
between the compression and suction sides of the 
motor for relieving pressure of the fluid in the 
compression side, suction operated means for ad 
mitting fluid into the Suction side, a movable in 
ertia element responsive to dynamic properties 
of the transverse movement of the body, and 
means to move the Second part of the compound 
Valve by the inertia, element a relatively large 
distance proportional to a combination of 
dynamic properties of the transverse movement 
of the body for stabilizing the transverse move 
ment of the body by the fluid pressure built up 
in and by the motor. 

23. A shock absorber for a body resiliently sup 
ported on a member contacting a supporting 
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medium, the body and the member being adapted 
to have a motion of translation over the sup 
porting medium, a fluid motor interposed be 
tween the body and the member, a source of fluid 
for the motor, a valve for controlling communi 
cation between the motor and the source of fluid, 
a movable inertia element responsive to dynamic 
properties of the transverse movements of the 
body, means to move the valve by the inertia 

11 
element a relatively large distance for opposing 
by the fluid pressure in the motor the trans 
verse movements of the body, and means to move 
the valve toward its neutral position a relatively 
large distance proportional to the differential 
pressure of the fluid in the compression and 
Suction sides of the motor. 
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